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‘‘The  Terms  Tarva'  and  ‘Nymph’  in  Entomology” 

A  summary  of  the  views  of  W.  E.  China,  H.  Henson,  B.  M.  Hobby, 
H.  E.  Hinton,  T.  T.  Macan,  O.  W.  Richards  and  V.  B.  Wigglesworth 

followed  by  a  review  of 
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by  R.  G.  Davies 


The  Terms  “Lava”  and  “Nymph”  in  Entomology 

The  Problem 

For  many  years  British  entomologists  have  used  the  term  “nymph”  for 
the  immature  stages  of  Exopterygote  insects  and  “larva”  for  those  of  the 
Endopterygota.  This  distinction  has  been  made  mainly  upon  morphological 
grounds.  “Nymphs”  resemble  the  adults  and  their  wings  develop  as  external 
thoracic  wing  buds.  In  contrast,  the  “larvae”  dilfer  greatly  from  the  adult, 
develop  their  wings  as  internal  imaginal  discs  and  also  undergo  a  metamor¬ 
phosis  in  the  pupal  stage  before  attaining  the  adult  stage. 

In  this  sense,  the  term  “larva”  is  also  used  in  other  groups  of  the  animal 
kingdom  for  those  immature  stages  which  live  in  a  different  enviromnent 
and  have  a  different  mode  of  life  to  the  adult.  But  such  an  ecological 
definition  of  the  term  “larva”  presents  difficulties  so  far  as  the  immature 
stages  of  Odonata,  Ephemeroptera  and  Plecoptera  are  concerned. 

The  confusion  is  increased  by  some  French  authors  using  the  word 
“nymph”  for  the  pupal  stage  of  Endopterygota,  while  German  writers  use 
the  term  “larva”  for  all  immature  insect  stages  other  than  egg  and  pupa; 
a  custom  which  some  British  entomologists  are  adopting  upon  physiological 
grounds. 

At  the  moment  there  is  a  body  of  opinion  in  favour  of  retaining  the  terms 
“larva”  and  “nymph”  in  their  traditional  sense,  others  are  of  the  opinion 
that  the  term  “larva”  should  be  used  for  all  immature  stages  and  British 
entomologists  should  fall  in  line  with  continental  usage. 

A  number  of  leading  British  entomologists  were,  therefore,  invited  to 
comment  upon  this  interesting  problem. 
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In  defending  the  retention  of  the  terms  **nymph”  and  ‘*larva’^  in  their 
traditional  sense^  Dr.  H.  Henson  (The  University^  Leeds)  writes : 

*Tn  considering  the  use  of  the  terms  *larva'  and  ^nymph^  one  is  dealing 
with  a  problem  concerning  the  principles  underlying  the  organisation  of 
science.  The  subject  matter  is  entomological^  but  the  grounds  upon  which 
a  decision  must  be  based  are  general  and  not  special. 

The  function  of  language  is  intercommunication;  the  function  of  these 
particular  terms  is  to  convey  ideas  concerning  them  from  one  person  to 
another.  It  follows  that  laxity  of  definition  can  lead  to  confusion  whereas 
precision  greatly  assists  clarity  of  thought  and  speed  of  comprehension.  Of 
course^  much  depends  upon  the  extent  of  knowledge;  in  subjects  where 
ideas  are  vague  language  must  be  vaguej  but  in  relation  to  'nymph*  and 
'larva*  precision  is  possible  and  should  be  attempted. 

In  general  zoolo^  the  term  'larva*  indicates  a  young  stage^  appreciably 
different  in  anatomy  from  the  adultj  often  living  in  a  different  kind  of 
environment^  and  undergoing  changes  of  a  more  or  less  catastrophic 
character  (i.e.  metamorphosis)  before  becoming  adult.  Where  young  forms 
do  not  qualify  for  the  term  'larva*  they  are  not  given  special  names  but  are 
spoken  of  as  juvenileSj  young  stagesj  immature  forms  and  so  on.  Differences 
of  opinion  as  to  how  great  the  changes  must  be  before  they  constitute  a 
metamorphosis  lead  to  differences  of  opinion  as  to  whether  any  particular 
young  form  is  a  ‘larva*  or  not. 

As  far  as  entomologists  are  concerned  the  position  is  much  more  fortunate. 
The  term  ‘larva*  can  be  precisely  defined  and  the  term  ‘nymph*  is  available 
for  those  forms  which  do  not  attain  the  rank  of  larvae.  The  definitions  are 
as  follows : 

Larva — ^a  young  phase  of  an  insect  with  a  pupal  stage  in  its  life  history; 
nearly  always  markedly  diflferent  from  the  adult  form;  some  parts  of 
the  body  with  light  uncoloured  cuticle;  never  possessing  compound 
eyes. 

Nymph — a  young  phase  of  an  insect  without  a  pupal  stage  in  its  life 
history;  nearly  always  with  a  fairly  hard  dark  cuticle;  compound  eyes 
present. 

It  is  quite  true  that  the  kind  of  change  which  transforms  the  nymph  into 
the  adult  is  probably  not  very  different  from  that  which  transforms  a  larva 
into  an  adult.  It  is  equally  possible  that  metamorphosis^  wherever  it  occurs 
in  the  animal  kingdom^  is  only  an  accentuation  of  universally  similar  growth 
processes.  The  dividing  line  is  not  between  metamorphosis  and  no  meta- 
morphosisj  but  between  degrees  of  metamorphosis  and  the  problem  for 
me  at  least,  much  more  easily  comprehended  when  categorised  by  such 
terms  as  ‘larva’  and  'nymph*  than  when  left  to  be  envisaged  as  one 
gigantic  whole. 

Thus,  whilst  words  are  but  the  handmaidens  of  ideas  they  must  be  well 
disciplined  if  they  are  to  perform  their  functions  as  they  should.  Entomolo¬ 
gists  must  surely  appreciate  their  good  fortune  in  being  able  to  define  'larva* 
and  ‘nymph.*  How  thankful  they  would  be  if  the  same  could  be  said  of 
wing  veins,  male  genitalia,  etc.” 
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Dr.  B.  M.  Hobby  (Oxford)  expressed  a  similar  view,  as  follows : 

“The  term  ‘larva’  is  not  used  for  growth  stages  involving  little  or  no 
ultimate  change  of  form  (e.g.  child  and  man)  but  is  applicable  to  develop¬ 
mental  stages  culminating  in  metamorphosis  of  a  more  or  less  spectacular 
kind.  How  much  change  is  necessary  to  justify  the  use  of  the  term  is  a 
matter  of  opinion,  about  which  there  can  be  no  universal  agreement.  It  is 
unsound  to  apply  it  to  particular  groups  such  as  exopterygotes,  for  it  is  widely 
used  in  zoology  where  metamorphosis  occurs  (e.g.  Echinoderms,  Fish, 
Amplubia,  etc.).” 


So  far  as  the  Hemiptera  is  concerned,  however,  there  appears  to  be  some 
difficulty  in  making  a  clear  cut  distinction  between  degrees  of  metamorphosis, 
and  on  this  matter  the  views  of  Dr.  W.  E.  China  of  the  Department  of 
Entomology,  The  British  Museum  (Natural  History)  are  of  special  interest. 

Dr.  W.  E.  China  writes : 

“The  terminology  of  the  immature  stages  of  exopterygote  insects  has 
been  a  vexed  one  for  many  years.  Tillyard  in  his  Biology  of  the  Dragonffies 
(1917)  refused  to  use  the  term  ‘nymph’  and  used  ‘larva’  throughout  his  work. 

Comstock  (Am.  ent.  Soc.  America  ii:  222-224,  1918)  gave  a  clear  account 
of  the  problem  and  suggested  that  the  term  ‘nymph’  should  be  restricted 
to  the  Orthoptera  and  Hemiptera.  He  coined  a  new  term  ‘Naiad’  for  the 
caenogenetic  larvae  of  the  Plecoptera  Odonata  and  Ephemeroptera. 

This  suggestion  was  not  generally  accepted.  In  France,  Spain  and  Italy 
the  term  ‘nymph’  (ninfa)  usually  means  the  pupa  and  because  of  this 
confusion  Berlese  suggested  that  ‘nymph’  should  be  replaced  by  ‘Prosopon.’ 
Grand!  (Introd.  Stud.  Ent.  i:  337,  1951)  on  the  grounds  of  euphonious 
pronunciation  changed  this  name  to  ‘Neanide.’  This  last  has  been  used  by 
Miller  (1956  Biol,  of  Heteroptera)  who  refuses  to  use  the  term  ‘nymph’ 
owing  to  the  confusion  over  those  who  use  ‘larva’  for  the  Hemipterous 
instars  without  wing  pads  and  ‘nymph’  for  the  instars  showing  wing  pads. 
There  are  many  apterous  bugs  in  which  all  larval  instars  are  without 
wing  pads. 

There  is  much  to  be  said  for  using  the  term  ‘larva’  for  all  immature  stages 
other  than  egg  and  pupa.  There  are,  of  course,  very  many  types  of  ‘larva’ 
in  both  endopterygote  and  exopterygote  insects  and  where  necessary  the 
descriptive  adjective  can  be  used  in  conjunction  with  the  word  ‘larva’.” 


Dr.  H.  E.  Hinton  (University  of  Bristol)  expressed  a  belief  “that  one 
should  apply  the  term  ‘larva’  both  in  the  exopterygotes  and  in  the  endoptery- 
gotes  and  . . .  this  custom  is  gradually  being  accepted,  as  indeed  it  always  has 
been  the  custom  of  many  other  countries.” 

(For  a  detailed  account  of  Dr.  Hinton’s  views  readers  should  consult  his 
papers  in  the  Trans.  R.  ent.  Soc.  Lond.  99:  395-409;  106:  455-556,  where 
the  subject  is  discussed  at  length. — Editor.) 
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Dr.  T.  R.  E.  Southwood  (Imperial  College,  London)  favours  the  abolition 
of  the  term  “nymph”  for  the  following  reasons. 

“It  would,”  he  says,  “be  both  useful  and  legitimate  to  have  two  different 
words,  i.e.,  nymph  and  larva,  for  the  post  embryonic  immature  stages  (or 
phases)  of  insects  if  the  forms  so  distinguished  could  be  shown  to : 

1.  Differ  in  certain  fixed  characters. 

2.  Represent  non-homologous  stages. 

3.  Belong  to  different  taxa. 

It  is  convenient  to  consider  each  of  these  in  turn. 


I.  Characteristics 

Characters  usually  given  for  a  nymph,  the  antithesis  of  those  of  a  larva,  are : 

(a)  the  gradual  development  of  wing-pads. 

(b)  mouth  parts  similar  to  those  of  the  adult. 

(c)  compound  eyes  normal  in  form  and  function. 

(d)  the  last  nymphal  instar  moults  into  an  adult  without  the  intervention 
of  a  pupal  stage. 

It  is  often  easy  to  quote  exceptions  to  any  set  of  characters  and  a  few 
examples  will  show  that  (b)  and  (c)  of  the  above  are  not  peculiar.  Odonata 
‘nymphs’  have  highly  modified  mouth-parts,  most  beetles  have  similar 
mouth-parts  in  both  larval  and  adult  stages.  In  early  instar  Tingid 
(Heteroptera)  ‘nymphs’  the  eyes  are  represented  by  a  cluster  of  separate 
facets,  much  like  those  of  lepidopterous  larvae.  Mosquito  larvae  possess 
the  developing  compound  eyes. 

The  gradual  development  of  wing-pads  and  the  absence  of  a  pupal  stage 
are,  however,  liable  to  fewer  exceptions  on  either  side,  but  if  we  adopt  them 
then  the.  post-embryonic  immature  stages  of  Thysanoptera  and  Aleyrodoidea 
and  male  Coccoidea  must  be  grouped  with  the  Endopterygota  young  stages 
and  called  larvae. 


2.  Homologous  or  Non-Homologous  stages  ? 

Berlese  (1913)  considered  that  the  larval  stage  of  the  Endopterygota  was 
homologous  with  the  last  part  of  the  embryonic  development  of  the 
Exopterygota,  whilst  the  nymphal  stage  of  the  latter  corresponded  with  the 
Endopterygota  pupa.  This  theory  was  developed  and  publicised  by  the  late 
Dr.  A.  D.  Imms  and,  whilst  it  was  generally  accepted,  there  seemed  to  be 
some  grounds  for  giving  different  terms  to  what  were,  in  fact,  different 
stages.  Recently  Berlese’s  theory  has  been  heavily  criticised,  more  especially 
by  Hinton  (1955)  whose  work,  with  that  of  other  workers,  shows  it  to  be 
untenable. 


1958] 


21 


Hinton  (1948)  has  revived  and  modified  Poyarkoff’s  theory  which,  in 
brief,  suggests  that  the  pupa  of  Endopterygota  represents  the  first  of  the 
two  adult  instars;  thus  the  larva  and  ‘nymph’  are  the  same  stage. 

Another  theory  is  that  of  Perez  (1910)  and  Handlirsch  (1928)  which 
supposes  that  the  pupal  stage  arose  by  the  concentration  of  the  changes 
from  nymph  to  adult  into  the  last  instar.  In  their  view  the  pupa  would 
correspond  to  the  last  nymphal  instar. 

Thus  the  two  theories  at  present  ‘in  the  field’  do  not  support  the  dis¬ 
tinction:  Poyarkoff’s,  considering  the  two  stages  homologous  and  Perez’s, 
that  the  early  ‘nymphal’  instars  are  homologous  with  all  the  larval  ones. 


3.  Taxonomic  distinction 

It  is  often  assumed  that  the  immature  stages  of  all  the  Apterygota  and 
Exopterygota  can  be  called  ‘nymphs’  and  those  of  the  Endopterygota  larvae, 
when  this  is  done  one  has  to  cut  right  across  all  characteristics  outlined  in 
I  above  in  order  to  include  the  immature  stages  of  the  Thysanoptera, 
Aleyrodoidea  and  male  Coccoidea  as  ‘nymphs.’ 

In  conclusion,  therefore,  if  one  decides  to  have  two  separate  terms,  they 
can  either  be : 

(i)  Nymph,  the  post-embryonic  stage  of  Apterygota  and  Exopterygota. 
Larva,  the  post-embryonic  stage  of  the  Endopterygota. 

Used  in  this  way  these  terms  do  not  express  any  entomological  truth  about 
either  structure  or  homologies. 

(ii)  Nymph,  the  post-embryonic  stage  when  this  is  not  followed  by 
a  pupa. 

Larva,  the  post-embryonic  stage  when  this  is  followed  by  a  pupa. 

Such  a  distinction  is  of  no  significance  if  the  Poyarkoff  theory  is  accepted, 
but  is  valuable  if  one  favours  the  Perez  theory.  In  terms  of  the  Perez  theory, 
all  the  post-embryonic  immature  stages  of  lower  insects  would  be  called 
‘nymphs,’  in  the  higher  insects  these  stages  would  be  larvae  and  pupae.  Even 
if  these  theories  were  generally  accepted  such  a  course  seems  undesirable 
on  general  zoological  grounds,  for  in  zoology  as  a  whole  the  term  larva  is 
widely  used  for  all  the  immature  stages  between  the  egg  and  the  adult.  This 
larval  stage  may  undergo  a  marked  metamorphosis,  as  in  Echinoderms, 
sometimes  only  a  slight  change,  as  in  fish. 

In  my  opinion  it  is  preferable  to  use  the  term  larva  throughout  the 
Insecta  as  one  is  not  then  claiming  any  differences  one  cannot  justify,  the 
word  is  comprehended  by  all  biologists  of  whatever  tongue  and  one  avoids 
the  welter  of  confusion  that  has  been  generated  by  the  term  ‘nymph,’  some 
authors  only  using  it  for  the  latter  larval  instars  and  others  introducing 
terms  such  as  neanide  to  overcome  etymological  objections  to  nymph.” 
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Professor  V.  B.  Wigglesworth,  C.B.E.,  F.R.S.  (The  University, 
Cambridge),  says : 

“The  logic  or  lack  of  logic  in  the  use  of  the  terms  ‘larva’  and  ‘nymph’  is 
evident;  I  cannot  contribute  opinions  that  are  likely  to  be  new  or  helpful. 
I  can  only  record  my  own  practice  and  the  reasons  for  it. 

In  my  early  papers  on  growth  and  moulting  and  ‘metamorphosis’  in 
Rhodnius  I  used  the  term  ‘nymph’  for  all  five  pre-adult  stages — and  I  wrote 
metamorphosis  in  inverted  commas. 

Although  it  is  usual  to  emphasize  the  similarity  between  the  young  stages 
of  exopterygote  insects  and  their  adult  form,  I  became  increasingly  impressed 
by  the  very  great  differences  between  these  stages  in  Rhodnius,  There  is, 
indeed,  a  very  striking  metamorphosis  at  the  final  moult  in  this  insect. 

This  metamorphosis  is  controlled  by  the  secretion  of  the  corpus  allatum 
hormone  (the  juvenile  hormone  or  neotenin).  It  was  soon  confirmed  that 
the  same  mechanism  controls  metamorphosis  in  endopterygote  insects  and, 
indeed,  that  the  corpus  allatum  from  exopterygotes  will  control  metamor¬ 
phosis  in  the  endopterygotes.  That  seemed  to  me  to  provide  a  sufficient 
physiological  justification  for  dropping  the  inverted  commas  when  writing 
of  metamorphosis  in  Rhodnius. 

It  is  also  suggested  that  there  was  not  much  justification  for  retaining  the 
term  ‘nymph’  for  the  early  stages  of  the  exopterygotes,  and  although  I 
continued  to  use  this  term  I  wrote  as  a  footnote  in  the  first  edition  of  The 
Principles  of  Insect  Physiology  (1939):  ‘the  young  stages  of  exopterygota 
insects  termed  “nymphs”  by  English  authors;  but  there  is  much  to 
recommend  the  German  practice  of  called  these  stages  “larvae”.’ 

In  the  fifth  (revised)  edition  (1953),  encouraged  by  the  opinions  of  some 
insect  morphologists,  notably  Dr.  H.  E.  Hinton,  I  put  into  practice  these 
views  which  I  had  long  held  and  changed  every  ‘nymph’  into  a  ‘larva.’ 

But  I  cannot  lay  claim  to  complete  consistency;  for,  when  writing  of 
polymorphism  in  termites  in  The  Physiology  of  Insect  Metamorphosis  (1954) 
I  found  it  convenient  to  retain  the  French  and  German  practice  and  referred 
to  the  two  pre-adult  forms  with  visible  wing  lobes  at  the  ist-  and  2nd-stage 
‘nymphs’!.” 
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Dr.  T.  T.  Macan  (Ferry  House^  Ambleside)  comments  upon  these  sug¬ 
gestions  as  follows : 

“The  eager  young  biologist  with  a  name  to  make  would  no  more  be 
caught  using  last  season^s  terminology  than  a  young  lady  of  fashion  would 
be  seen  wearing  last  season’s  hat.  With  advancing  years  both  grow  less 
enamoured  of  frequent  change  and  the  biologist  comes  to  find  in  it  nothing 
but  inconvenience;  he  demands  that  changes  should  not  be  made  unless 
they  are  really  necessary  and  until  their  merits  and  the  reasons  for  them 
have  been  long  and  carefully  scrutinized. 

Professor  Wigglesworth  and  Dr.  Hintonj  as  a  result  of  physiological  and 
of  morphological  and  ontogenetic  studies  respectively,  have  concluded  that 
the  diferences  between  'nymphs’  and  'larvae’  are  not  as  fundamental  as 
some  have  thought.  A  suggestion  has  followed  that  the  term  'nymph’ 
should  be  dropped  from  the  entomological  vocabulary. 

'Nymphs’  and  'larvae’  remain  superficially  as  distinct  as  they  have  always 
been  and  two  considerations  of  a  general  nature  weigh  in  favour  of  the 
retention  of  both  terms.  First,  it  is  a  retrograde  step  linguistically  to  apply 
one  name  to  two  distinct  things  that  previously  had  one  each.  Secondly, 
it  is  not  necessary  ter  advertise  a  new  idea  by  a  change  of  nomenclature, 
especially  as  words  are  so  much  more  enduring  than  ideas.  Nobody  can  be 
certain  when  the  last  word  has  been  said.  The  workers  whose  ideas 
Wigglesworth  and  Hinton  have  shown  to  be  obsolete  were  Great  Men  in 
their  day  and  their  pronouncements  commanded  wide  respect.  Is  there 
reason  to  suppose  that  the  two  gentlemen  named  may  not  one  day  suffer 
a  similar  fate  at  the  hands  of  someone  who  makes  a  good  case  for  distinguish¬ 
ing  'nymphs’  and  'larvae’  ?  It  could  happen  and,  if  it  does,  it  will  be  much 
more  convenient  if  those  two  words  still  bear  then  the  meanings  they  have 
had  for  so  long  up  to  now.” 


Professor  O,  W.  Richards  (Imperial  College,  London)  summarises  the 
general  problem. 

“I  think  that  there  is  little  hope  of  trying  to  bring  entomological  practice 
into  line  with  usage  in  other  phyla  or  classes.  Nor  do  I  think  it  will  be  easy 
to  alter  the  usage  of  other  nationalities  (e.g.  larve  for  the  early  stage  of 
Hemiptera  in  Germany;  nymph  for  pupa  in  France). 

There  is  no  absolute  distinction  between  'larva’  and  'nymph.’  In  par¬ 
ticular,  the  earliest  instars  of  the  Exopterygotes  have  many  of  the  features 
of  ‘larvae,’ 

Nevertheless,  typical  later  instar  'nymphs’  can  in  the  great  majority  of 
species  be  separated  from  'larvae.’ 

It  is  probably  best  to  regard  the  'larva’  as  a  phylogenetic  type,  viz.  the 
early  stage  of  one  of  the  monophyletic  group,  the  Endopterygota. 

The  early  stages  of  the  Exopterygotes  are  in  some  ways  less  uniform  and 
do  not  form  so  definite  a  monophyletic  unit. 


24 


[February 


Physiologically,  it  is  unnecessary  to  make  any  distinction  between  ‘larva’ 
and  ‘nymph’ ;  the  control  of  growth  and  of  moulting  seems  to  be  essentially 
similar.  But  physiological  mechanisms  are  not  necessarily  a  good  guide  to 
phylogeny.  In  this  case  the  physiological  processes  have  remained  relatively 
unaltered  while  there  has  been  a  considerable  morphological  evolution. 

On  these  grounds,  I  think  it  is  still  convenient  to  call  the  early  stage  of 
the  Exopterygota  a  ‘nymph’  and  of  the  Endopterygota  a  ‘larva’.” 


[Shortly  after  the  above  contributions  were  received  Mr.  R.  G.  Davies 
submitted  the  following  paper  for  publication.  Mr.  Davies  had  not  been 
initially  invited  to  contribute  to  this  discussion  nor  has  he  seen  the  con¬ 
tributions  beforehand.  Mr.  Davies  has  been  studying  the  use  of  the  terms 
“larva”  and  “nymph”  for  some  time  and  hopes  to  publish  his  findings  in 
greater  detail  at  a  later  date.  His  paper  discusses  the  problem  in  great  detail 
and  was  of  such  excellence  as  to  deserve  inclusion  amongst  the  present 
series  of  contributions. — Editor.] 


The  Terminology  of  the  Juvenile  Phases  of  Insects 

By  R.  G.  Davies 

(Imperial  College  of  Science  and  Technology,  London) 


The  morphogenetic  changes  which  occur  during  the  postembryonic 
development  of  insects,  and  the  probable  phylogenetic  relations  between 
the  juvenile  phases  of  the  different  groups,  are  far  more  important  than  the 
terms  used  to  denote  the  phases.  Unfortunately,  however,  the  different 
systems  of  terminology  have  tended  to  become  associated  with  distinct 
theoretical  conceptions  or,  alternatively,  to  persist  when  any  theoretical 
basis  they  may  have  had  is  forgotten  or  superseded.  This,  combined  with 
deceptive  equivalents  in  English,  French  and  German,  and  with  a  tendency 
for  taxonomists  to  develop  terminologies  applicable  only  to  small  and  often 
highly  specialized  groups,  has  led  to  much  confusion.  The  present  note  is 
intended  (a)  to  demonstrate  the  great  variations  in  usage;  (b)  to  indicate 
the  kinds  of  argument  on  which  terminologies  have  been  based;  (c)  to 
advocate  instead  an  interpretation  of  the  postembryonic  development  of 
insects  which  seems  to  be  partly  new;  and  (d)  to  set  out  the  terminology 
consistent  with  this  interpretation  and  with  other  requirements. 


(a)  Variations  in  Terminology  and  Usage 

Apart  from  a  few  early  terms  and  usages  now  generally  abandoned,  and  a 
few  apparently  unsuccessful  attempts  at  coining  words  like  prosopon  and 
prosopide  (Berlese,  1914)  or  neanide  (Grandi,  1951;  Miller,  1956),  most  of 
the  confusion  lies  in  the  application  to  the  Exopterygota  of  the  terms  “nymph” 
and  “larva”  or  their  foreign  equivalents.  Some  confusion  also  arises  from 
the  use  of  the  German  terms  Nymphe  and  Puppe  and  a  few  unusual  examples 
need  also  to  be  noticed. 

One  widespread  practice  has  been  to  refer  to  all  the  pre-imaginal  instars 
of  virtually  all  Apterygota  and  Exopterygota  as  “nymphs”  and  to  restrict 
“larva”  to  those  instars  preceding  the  pupa  in  Endopterygota.  Such  a 
terminology  has  been  used  by  Imms  (1934,  1937)3  Eastham  (1932),  Henson 
(1946),  Balfour-Browne  (1949),  Lower  (1954),  Ross  (1955)  and  the  insect 
physiologist  Bodenstein  (1953).  is  ^so  followed  by  some  specialists  on 
certain  groups,  e.g.  Kimmins  (1942)  on  Ephemeroptera,  Fraser  (1956)  on 
Odonata,  Hynes  (1941)  on  Plecoptera  and  Richards  and  Waloff  (1954) 
Acrididae.  Others,  while  retaining  the  word  “nymph”  have  applied  it  rather 
differently.  Comstock  (1918,  1930)  proposed  the  term  “naiad”  for  the 
aquatic  juvenile  phase  of  the  Ephemeroptera,  Odonata  and  Plecoptera, 
restricting  “nymph”  to  the  juvenile  instars  of  terrestrial  or  less  fully  aquatic 
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Exopterygota;  in  this  he  has  been  followed  only  by  some  N.  American 
authors  such  as  Frost  (1942)  and  Essig  (1942),  though  the  latter  complicates 
matters  by  referring  to  the  naiad  as  an  “aquatic  larva.”  Carpenter  (1921)3 
apparently  adapting  the  terminology  of  Burmeister  (1832),  restricted  the 
application  of  “nymph”  to  those  instars  of  Exopterygota  in  which  externally 
visible  wing-pads  are  present,  extending  the  term  “larva”  to  include  the 
earlier  instars  without  wing-pads.  Westwood  (1839)  and  Packard  (1889) 
adopt  a  similar  conception  of  Exopterygote  development  but  use  “pupa” 
to  denote  respectively  the  last  few  or  the  last  juvenile  instar(s)  with  wing-pads. 
Snodgrass  (1954)  has,  in  effect,  applied  an  old  definition  of  Cams  (1853); 
all  immature  stages  with  adaptive  provisional  organs  are  called  larvae 
(e.g.  Ephemeroptera,  Odonata,  Plecoptera,  some  Hemiptera,  and  Thysan- 
optera  as  well  as  Endopterygotes)  while  those  of  the  so-called  ametabolous 
and  paurometabolous  insects,  which  resemble  their  imagines  more  closely, 
are  denoted  as  nymphs  (e.g.  Orthoptera).  Snodgrass  admits  that  there  is  no 
sharp  boundary  between  the  two  types  of  immature  insects.  Lastly,  Sharp 
(1895)  illustrates  the  confusion  well  by  including  under  the  term  “nymph”: 

(i)  the  last  juvenile  instar  of  Odonata  and  Cicadidae;  (ii)  several  of  the 
immature  instars  of  Ephemeroptera  in  which  wing-pads  have  developed  . 
(cf.  Carpenter,  1921);  (iii)  the  quiescent  pre-imaginal  instars  with  external 
wing-pads  in  Thysanoptera  and  male  Coccoidea  and  (iv)  the  pupa  which 
lies  within  the  Cyclorrhaphan  puparium. 

A  second  popular  tendency  has  been  to  abandon  the  term  “nymph”  and 
to  extend  the  concept  of  the  larva  to  cover  the  pre-imaginal  instars  of  all 
Exopterygota.  This  had  originally  been  advocated  by  Gerstacker  (1866)  and 
among  writers  in  English  it  is  applied  generally  by  Miall  (1895),  Tillyard 
(1917, 1926),  Hinton  (1948, 1955)5  Wigglesworth  (1950, 1954)  and  van  Emden 
(1957)*  A  similar  tendency  is  seen  among  many  specialists,  such  as  Butler 
(1923),  Leston  and  Scudder  (1956)  and  Southwood  and  Scudder  (1956)  on 
Heteroptera,  and  Corbet  (1955)  on  Odonata.  This  corresponds  to  what  has 
long  been  a  Continental  practice.  German  authors  on  postembryonic 
development  usually  extend  the  term  Larve  to  almost  all  immature  stages 
of  Apterygota  and  Exopterygota,  e.g.  Borner  (1909),  Handlirsch  (1928), 
Weber  (1933,  1954)3  Eidmann  (1941),  Novak  (1956)  and  Pflugfelder  (1952), 
as  do  taxonomists  such  as  Schoenemund  (1927 — Plecoptera),  Ramme  (1927 — 
Orthoptera),  Schmidt  (1929 — Odonata),  Haupt  (1935 — some  Hemiptera)  and 
Freund  (1935 — Siphunculata).  The  French  larve  is  generally  used  in  a 
similar  sense,  as  by  Henneguy  (1904),  Perez  (1910),  and  various  taxonomists, 
e.g.  Chopard  (1949 — Orthoptera,  Odonata),  Despax  (1949a— Plecoptera), 
Badonnel  (1951 — Psocoptera),  Seguy  (1951 — Mallophaga  and  Siphunculata), 
Poisson  (1951— Heteroptera)  and  Pesson  (1951— most  Homoptera).  The 


*  The  French  pupe  has  been  used  as  a  synonym  of  nymphe  but  modern  authors 
(e.g.  Seguy,  1951a)  seem  to  follow  Latreille  (1831)  in  using  it  to  denote  the 
Cyclorrl^phan  puparium. 
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terms  nymphe^  (French)  and  Nymphe  or  Puppe  (German)  are  then  usually 
applied  to  the  Endopterygote  pupa,  but  several  exceptions  to  this  Continental 
scheme  need  to  be  noted.  Thus,  Carus  (1853),  Heymons  (1907),  and 
Deegener  (1909)  extended  Larve  to  the  Exopterygota  only  where  the 
immature  stages  had  adaptive  provisional  organs  (cf.  Snodgrass,  1954). 
Burmeister  (1832)  used  Larve  and  Nymphe  respectively  to  denote  those 
Exopterygote  juveniles  without  or  with  wing-pads  and  Grasse  (1949)  applies 
larve  and  nymphe  similarly  in  the  Isoptera.  Grobben  (1917),  in  a  standard 
German  textbook,  used  Nymphe  to  denote  the  last  pre-imaginal  instar  of 
most  Exopterygota,  the  earlier  ones  being  Larven.  Enderlein  (1927)  follows 
this  usage  for  the  Psocoptera  and  Despax  (1949)  uses  the  corresponding 
French  terms  in  this  way  for  the  Ephemeroptera.  Grobben  also  restricted 
Puppe  to  the  Endopterygote  pupa,  whereas  for  Handlirsch  (1928)  it  is  a 
more  widely  used  synonym  of  Nymphe^  both  referring  to  the  Endopterygotan 
pupa  and  the  quiescent  instars  of  male  Coccoidea  and  Thysanoptera.  Weber 
(1933,  1954)  and  Eidmann  (1941)3  however,  distinguish  between  the  Nymphe 
of  Coccoidea  and  Thysanoptera  and  of  female  alate  Adelgids  and  Phylloxerids 
(last  pre-imaginal  instar  only)  and  the  Puppe  of  Endopterygotes.  Ulmer 
(1929),  on  Ephemeroptera,  v/rites  “Die  Larven  .  .  .  werden  Nymphen 
genannt”  and  uses  Nymphe  throughout  in  this  sense.  Vayssiere  (1890),  also 
on  Ephemeroptera,  distinguishes  between  the  larvule  (without  gills  or  wing- 
pads),  the  older  larve  (with  gills  but  no  wing-pads)  and  the  still  later  larve 
nymphale  (with  both  gills  and  wing-pads).  Finally,  the  atypical  Exopterygota 
have  been  dealt  with  in  various  ways.  The  first  two  instars  of  the  Thysan¬ 
optera  are  usually  referred  to  by  taxonomists  as  larvae  (Morison,  1947-49), 
larves  (Pesson,  1951a)  or  Larven  (Priesner,  1928),  and  the  later  instars  as 
prepupa  and  pupa(e)  (Morison),  pronymphe  and  nymphe{s)  (Pesson,  who 
further  defines  them  as  “stades  larvaires  a  ebauches  alaires”)  and  Vorpuppe 
and  Puppe(n)  (Priesner).  But  general  works  may  employ  other  terms, 
e.g.  Imms  (1934)  refers  to  all  as  nymphs  of  which  the  last  two  have  the 
special  status  of  prepupa  and  pupa;  Weber  (1954)  uses  Vornymphe  and 
Nymphe  for  the  quiescent  instars  and  Larve  for  the  earlier  ones.  Comparable 
variations  on  these  names  occur  in  the  male  Coccoidea  and,  apart  from 
Vornymphe^  Vorpuppe  and  pronymphe,  in  the  Aleyrodidae. 


(b)  Types  of  Evidence  on  which  Terminology  is  based 

Many  of  the  above  examples  are  frankly  ad  hoc  usages  and  only  a  few 
authors  have  attempted  to  justify  their  choice  of  terms.  It  is,  however,  not 
difficult  to  see  that  the  major  problem — the  question  of  whether  the 
Exopterygote  juvenile  instars  should  be  called  “nymphs” — involves  only  a 
few  arguments.  The  most  important  of  these  are  summarized  below,  the 
first  three  favouring  the  retention  of  “nymph,”  the  last  three  opposing  it. 
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(i)  The  Endopterygote  larva  is  represented  in  the  Exopterygote  ontogeny 
by  an  embryonic  phase;  it  must  therefore  be  distinguished  from  the  fun¬ 
damentally  different  post-oligopod  nymph  (Berlese’s  theory). 


(ii)  Anatomical  and  other  characters  may  be  found  which  clearly  and 
consistently  separate  the  juvenile  instars  of  all  but  a  few  specialized 
Exopterygotes  from  the  larval  phase  of  Endopterygotes,  and  hence  justify 
a  distinction  between  nymphs  and  larvae  irrespective  of  phylogenetic 
considerations. 


(iii)  The  Endopterygota — and  perhaps  also  the  few  atypical  Exopterygotes 
— are  probably  monophyletic  divisions  in  which  large-scale  anatomical 
divergence  between  juvenile  and  adult  phases  is  associated  with  a  more  or 
less  quiescent  non-feeding  phase.  This  type  of  life-cycle  is  so  distinct  as 
to  warrant  separate  terms  for  nymph  and  larva. 


(iv)  The  essential  anatomical  contrast  in  Endopterygota  is  between  the 
larval  instars  and  the  pupa,  while  in  the  Exopterygota  there  is  a  parallel 
contrast  between  the  juvenile  stages  and  the  adult.  The  pupa  is  therefore 
a  first  imaginal  instar  and  the  larval  instars  of  Endopterygota  correspond  to 
the  full  sequence  of  Exopterygote  juvenile  instars  and  were  presumably 
derived  from  them.  This  relationship  should  be  emphasized  by  the  widest 
application  of  “larva”  and  is  concealed  by  the  use  of  special  terms,  like 
“nymph,”  applied  only  to  Exopterygota. 


(v)  The  hormonal  mechanisms  controlling  postembryonic  growth  and  the 
differentiation  of  adult  characters  are  essentially  similar  in  Exopterygota 
and  Endopterygota.  Metamorphosis,  therefore,  differs  only  in  degree  in 
the  two  groups  and  the  application  of  “larva”  to  both  stresses  this  under¬ 
lying  similarity. 


(vi)  Within  both  Exopterygota  and  Endopterygota  there  are  considerable 
variations  in  the  degree  of  postembryonic  change  as  judged  by  the  results 
of  anatomical  and  histological  study.  Though  no  obvious  transition  between 
the  two  major  groups  can  be  seen  in  recent  forms,  the  differences  between 
them  seem  to  have  arisen  through  quantitative  changes  in  the  time-relations 
of  adult  morphogenesis  similar  to  the  lesser,  though  equally  apparent, 
changes  responsible  for  different  Exopterygote  and  Endopterygote  onto¬ 
genies.  It  is,  therefore,  undesirable  to  insist  on  a  radical  separation  of  two 
types  of  juveniles. 
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Of  these  arguments,  only  Berlese’s  theory  would,  if  true,  compel  one  to 
recognise  a  fundamental  distinction  between  immature  Exopterygotes  and 
the  Endopterygote  larva.  For  reasons  which  are  too  long  to  discuss  here, 
but  which  differ  largely  from  those  advanced  against  it  by  Hinton  (1955), 
Berlese’s  theory  seems  to  me  quite  unacceptable  as  an  account  of  the  relations 
between  the  two  kinds  of  life-cycle.  The  other  two  arguments  in  favour  of 
the  term  “nymph”  are  clearly  not  incompatible  with  the  recognition  of  certain 
basic  attributes  which  it  shares  with  the  Endopterygote  larva.  Provided  this 
is  admitted,  the  two  terms  could  express  the  undoubted  fact  that  the  immature 
stages  of  many  Exopterygota  differ  appreciably  from  Endopterygote  larvae. 
This  attitude  is  not  controverted  by  the  fifth  and  sixth  arguments  listed 
above.  At  the  most  they  would  suggest  that  one  must  decide  whether,  for 
any  particular  purpose,  the  advantages  of  emphasising  differences  are  out¬ 
weighed  by  the  disadvantages  of  concealing  similarities.  Or,  of  course, 
whether  it  would  not  be  less  misleading  to  develop  a  quite  simple  new 
terminology  which  recognised  nymphs  and  larvae  as  two  forms  of  a  third 
entity.  The  fourth  argument,  however,  due  to  Poyarkoff  (1914)  and  Hinton 
(1948),  raises  a  new  point  since  it  is  the  only  one  which  definitely  asserts 
that  the  complete  sequence  of  Endopterygote  larval  instars  was  derived 
from  the  complete  sequence  of  pre-imaginal  instars  in  the  Exopterygota; 
the  other  arguments  usually  suppose  that  the  last  pre-imaginal  instar  of 
Exopterygota  is  homologous  with  the  Endopterygote  pupa  (Perez,  1910; 
Handlirsch,  1928;  Wigglesworth,  1954).  If  the  latter  were  true  then  there 
would  seem  to  be  some  justification  for  recognising  in  our  terminology  the 
peculiar  status  of  the  last  juvenile  instar  of  Exopterygota  or,  since  this  is 
commonly  very  much  like  the  preceding  instar(s),  for  a  strengthened  con¬ 
viction  that  the  Endopterygote  larva,  derived  from  only  a  part  of  the 
Exopterygote  sequence,  deserves  to  retain  its  distinctive  name.  An 
evaluation  of  these  theories  of  the  origin  of  the  pupa  is  therefore  desirable, 
but  to  do  this  involves  outlining  a  rather  different  interpretation. 

(c)  The  relations  between  Exopterygote  and  Endopterygote 

Life-cycles 

The  postembryonic  part  of  the  Endopterygote  life-cycle  may  be  thoughs 
of  as  trimorphic;  larva,  pupa  and  adult  succeed  each  other.  The  normal 
Exopterygote  metamorphosis,  on  the  other  hand,  is  usually  regarded  at 
dimorphic,  the  juvenile  phase  being  followed  immediately  by  the  imago. 
The  most  satisfactory  method  of  studying  the  relations  between  the  two 
seems  to  be  through  a  detailed  comparison  of  the  successive  levels  of 
organisation  attained  by  as  many  as  possible  of  those  structures  and  organs 
which  first  reach  full  differentiation  in  the  adult.  Obvious  though  this  is, 
it  does  not  seem  to  have  been  seriously  attempted  before;  the  problem  has 
been  discussed  repeatedly  but  the  comparisons  drawn  have  been  highly 
selective.  I  hope  to  publish  later  the  detailed  analysis  I  have  made  of  the 
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development  of  about  a  dozen  organs  or  organ-systems  in  representatives 
of  most  of  the  larger  groups  of  insects,  supplementing  the  extensive,  though 
very  scattered,  information  by  some  new  data.  One  general  principle  which 
emerged  clearly  from  the  analysis  was  that  there  is  frequently  a  very  con¬ 
siderable  difference  between  the  levels  of  organisation  of  early  and  late 
Exopterygote  juveniles  and  that  this  difference  tends  to  parallel  the  cor¬ 
responding  difference  between  the  larval  and  pupal  phases  of  Endopterygotes. 
In  other  words,  the  immature  stages  of  Exopterygotes  change  during 
development  in  a  way  which  foreshadows  the  pre-imaginal  dimorphism  of 
the  Endopterygota — they  might  almost  be  spoken  of  as  showing  incipient 
dimorphism.  This  was  not  necessarily  a  feature  of  the  primitive  Exopterygota, 
but  it  seems  very  likely  that  it  occurred  in  the  Exopterygote  ancestors  of 
the  Endopterygota  and  that  it  formed  the  basis  on  which  the  relatively  sharp 
distinction  between  larva  and  pupa  arose  and  evolved. 

Of  course,  the  general  picture  is  often  obscured  by  heterochrony  and 
caenogenetic  specialization  and  there  are  serious  gaps  in  our  knowledge  of 
the  metamorphosis  of  primitive  members  of  the  two  major  divisions.  Despite 
this,  all  the  Exopterygotes  studied  show  the  tendency  to  some  extent  and  it 
is  widely  and  strikingly  exhibited  by  some  organs.  For  example,  the 
reproductive  system  and  external  genitalia  are  represented  in  the  early 
(usually  1st  instar)  juveniles  of  most  Exopterygotes  by  poorly  differentiated 
gonad  rudiments  produced  into  solid  efferent  duct  rudiments  which  end  in 
the  genital  ampullae;  these  are  in  contact  with  the  ectodermal  genital  disc(s) 
showing  very  little  sign  of  invagination(s)  or  appendage-development.  This 
is  virtually  the  same  level  of  organisation  found  in  the  reproductive  system 
of  many  first-instar  Endopterygote  larvae.  But  whereas  the  Endopterygotes 
usually  retain  this  level  of  differentiation  for  almost  the  whole  of  the  larval 
phase,  and  then  abruptly  approach  the  adult  condition  during  the  pupal 
instar,  the  typical  Exopterygote  rudiments  differentiate  continuously  and 
approach  the  adult  condition  by  a  more  gradual  transition  spread  over  several 
of  the  older  immature  instars.  The  different  Exopterygote  groups  display 
this  “incipient  dimorphism”  to  varying  degrees  for  any  given  organ  and  in 
varying  proportions  of  the  whole  set  of  organs  whose  development  has  been 
analysed  comparatively.  Probably  the  most  striking  instance  among  the  more 
generalized  orders  is  provided  by  the  Ephemeroptera.  Here  the  earliest 
instars  differ  from  the  later  ones  in  respect  of  nine  out  of  twelve  investigated 
organs  or  systems  in  exactly  the  same  way  that  the  more  generalized  larva 
differs  from  its  pupa.  In  fact,  the  first-instar  Ephemeropteran  conforms  in 
all  particulars  to  the  rather  detailed  definition  of  an  Endopterygote  larva 
given  by  van  Emden  (1942).  The  presence  of  dorsal  ocelli  is  the  only  obvious 
point  by  which  they  can  be  separated. 

Only  a  detailed  survey  of  examples,  impossible  here,  can  substantiate  this 
interpretation  fully,  but  some  of  its  consequences  need  to  be  mentioned : 
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(i)  The  relatively  superficial  distinctions  commonly  drawn  between  the 
typical  Exopterygote  “nymph’’  and  the  Endopterygote  larva  (e.g.  by  Imms, 
1937)  are  usually  valid  provided  one  has  only  the  later  nyniphs  in  mind. 
They  become  increasingly  invalid  (to  an  extent  which  differs  in  different 
Exopterygote  orders)  as  one  considers  the  earlier  “nymphal”  instars.  Con- 
versely^  the  positive  resemblances  between  Exopterygota  and  Endopterygota 
become  increasingly  apparent  as  one  compares  young  “nymphs”  with  larvae. 

(ii)  The  view  that  the  pupa  represents  a  first  imaginal  instar  is  replaced 
by  one  which  treats  it  as  equivalent  to  the  older  pre-imaginal  instars  of  most 
recent  Exopterygota.  Other  aspects  of  Poyarkoflf’s  theory  are  not  necessarily 
affected  (though  I  believe  some  of  them  are  subject  to  qualification  on  other 
grounds).  The  crux  of  the  present  matter  is  that  his  theory  demands  that 
the  pupa  differs  less  from  the  Endopterygotan  imago  than  the  old  “nymphs” 
do  from  the  Exopterygotan  imago.  This  does  not  seem  to  have  been 
demonstrated  convincingly  by  the  examples  which  have  been  used  to  support 
the  theory,  let  alone  by  others  which  may  legitimately  be  used  to  test  it. 

(iii)  The  full  sequence  of  larval  instars  corresponds  to  only  the  earlier 
part  of  the  full  sequence  of  pre-imaginal  instars  in  the  Exopterygota.  This 
in  itself  seems  to  me  a  sufficient  reason  for  applying  distinct  terms  to  the 
two  phases. 

(iv)  There  is,  of  course,  no  doubt  that  the  older  Exopterygotan  instars 
differ  in  important  respects  from  their  imago,  but  these  differences  are 
equivalent  to  some  of  the  equally  inescapable  differences  between  the  pupa 
and  the  Endopterygotan  imago. 

(v)  It  is  doubtful  whether  the  early  and  late  instars  of  the  Exopterygota 
deserve  special  names.  The  one  passes  gradually  into  the  other  by  inter¬ 
mediate  instars  in  most  cases,  and  since  the  various  organs  tend  to  develop 
each  at  their  own  rate  and  in  a  serial  sequence  which  differs  from  group  to 
group,  any  distinctions  based  on  the  extremes  soon  break  down.  There  is 
certainly  little  justification  for  making  the  presence  or  absence  of  wing-pads 
the  only  criterion  (or  even  using  it  as  an  obvious  “indicator”  of  other  less 
apparent  changes).  Quite  apart  from  this,  it  leads  to  a  somewhat  absurd 
position  when  applied  to  genera  or  species  with  alary  polymorphism. 

(vi)  Nor  is  there  any  justification  for  insisting  that  the  last  pre-imaginal 
instar  of  recent  Exopterygota  has  quite  the  status  sometimes  given  to  it. 
Presumably,  in  the  origin  of  the  Endopterygota,  the  characteristic  features 
of  older  “nymphs”  became  concentrated  in  a  single,  pre-imaginal  instar, 
still  active  but  the  immediate  precursor  of  the  pupa,  though  how  this  might 
have  been  achieved  is  best  left  for  further  discussion.  It  is  certainly  unlikely 
that  any  recent  orders  have  retained  this  essential  step  in  the  evolution  of 
the  Endopterygota. 
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(vii)  The  view  that  a  distinction  can  be  made  within  the  Exopterygota  on 
the  basis  of  adaptive  provisional  organs  is  unsatisfactory.  This  criterion 
seems  unworkable  in  practice — as  seen  from  the  disagreement  between 
Snodgrass  (1954)  and  Heymons  (1907)  who  both  try  to  apply  it — and  there 
are  difficulties  in  applying  the  concept  of  adaptation  to  single  organs.  But 
what  is  more  important  in  the  present  context  is  that  the  loss  of  purely 
juvenile  structures  at  transformation  into  the  adult  is  only  a  part — a  somewhat 
negative  part ! — of  insect  metamorphosis.  Its  positive  aspect  is  the  differentia¬ 
tion  of  adult  characters  and,  by  his  own  definition,  Snodgrass  excludes  this 
from  his  conception  of  the  process.  The  term  “naiad,”  also  designed  to 
emphasize  caenogenetic  features,  is  objectionable  for  the  same  reason. 


(viii)  Among  the  Exopterygota,  only  a  few  like  the  Aleyrodidae,  male 
Coccoidea  and  Thysanoptera  have  approached  the  great  divergence  between 
the  Endopterygote  larva  and  its  imago.  In  the  male  Coccoidea  and  the 
Thysanoptera  this  has  involved  the  conversion  of  two  or  more  of  the  older 
pre-imaginal  instars  into  more  or  less  quiescent  instars  which  do  not  feed. 
Since  this  is  the  basic  difference  between  Endopterygote  pupae  and  the  older 
Exopterygote  “nymphs”  there  seems  little  reason  for  denying  the  term 
“pupa”  to  the  quiescent  instars  of  male  Coccoidea  and  Thysanoptera,  even 
though  these  two  groups  and  the  Endopterygota  all  evolved  independently 
of  one  another.  Where,  as  in  the  Aleyrodidae  or  the  Odonata,  changes 
comparable  to  those  of  holometabolous  transformation  are  concentrated  in 
the  latter  part  of  what  is  originally  the  active,  feeding,  last  pre-imaginal 
instar,  then  I  do  not  think  the  term  pupa  should  be  applied  to  the  whole 
instar,  even  though  these  ontogenies  are  independent  expressions  of  the  same 
trend  which  led  to  the  evolution  of  instars  concerned  almost  entirely  with 
transformation  to  the  adult. 


(ix)  The  view  developed  here  agrees  with  modern  theories  of  the  hormonal 
control  of  postembryonic  development  and  of  the  mode  of  action  of  genetic 
factors.  Indeed,  it  is  interesting  to  see  that  their  essential  idea  of  post- 
embryonic  morphogenetic  rates  controlled  by  specific  physiologically  active 
substances — developed  from  experiments  on  relatively  few  species — ^provides 
the  most  likely  explanation  of  the  many  features  of  development  which  a 
purely  anatomical  and  histological  analysis  has  revealed  in  a  much  wider 
range  of  insects. 
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(d)  Terminology 

It  is  largely  a  matter  of  personal  judgment  how  far  one  thinks  a  terminology 
of  juvenile  stages  should  try  to  express  the  kinds  of  interpretation  discussed 
above.  My  own  feeling  is  that  in  a  terminology  designed  for  general 
entomological  purposes  one  must  strike  a  compromise.  Theoretical  con¬ 
siderations  should  not  intrude  too  much,  purely  descriptive  terms  should 
not  receive  too  much  prominence  and  a  simple  classification  retaining  familiar 
terms  is  probably  all  that  is  required  at  present,  even  at  the  risk  of  obscuring 
relationships  which  are  sometimes  regarded  as  fundamental.  The  meanings 
associated  with  the  different  terms  will  then  vary  somewhat  according  to 
one’s  interpretation  of  postembryonic  development,  but  this  is  not  a  bad 
thing  if  it  allows  specialists  the  freedom  to  develop  a  more  widely  acceptable 
theory  without  disturbing  those  entomologists  whose  needs  are  more  practical. 


The  following  summary  of  the  interpretation  which  I  have  advocated  above 
indicates  the  significance  which  I  would  attach  to  the  few  terms  used: 


The  juvenile  stages  of  most  Exopterygotes  may  be  referred  to  as  nymphs; 
the  sequence  of  nymphal  instars  shows  a  gradual  progressive  change  in  the 
level  of  organisation  of  those  features  which  reach  their  full  development  in 
the  adult;  the  tendency  to  what  I  have  called  “incipient  dimorphism”  is  not 
sufficiently  pronounced  to  require  further  special  terms.  The  Endopterygota 
show  first  a  series  of  larval  instars  whose  relatively  constant  level  of  organisa¬ 
tion  corresponds  to  that  of  the  younger  nymphs  of  recent  Exopterygota, 
though  the  larva  may  also  show  extensive  caenogenetic  features  in  structure 
and  development.  The  Endopterygote  pupa  shows  a  rapidly  changing  level 
of  organisation  which  corresponds  to  that  found  in  older  nymphs,  but  the 
pupa  differs  from  them  in  being  quiescent  and  not  feeding.  Those  atypical 
Exopterygota  which  have  evolved  one  or  more  quiescent  instars  may  also 
be  said  to  have  larval  and  pupal  phases.  Where,  however,  a  similar  kind  of 
transformation  into  the  adult  occupies  only  a  fraction  of  the  previously 
normal  last  juvenile  instar,  or  is  perhaps  only  the  result  of  large  changes  in 
the  form  of  the  pharate  adult,  then  the  term  pupa  should  not  be  applied^ 
though  the  underlying  similarities  to  holometabolous  development  need  to 
be  borne  in  mind.  The  term  prepupa  or  propupa  might  well  be  dropped. 
In  Endopterygota  there  is  no  satisfactory  evidence  that  this  is  ever  anything 
more  than  the  pharate  pupa  while  in  the  Thysanoptera  and  male  Coccoidea 
it  is  only  the  first  of  two  or  three  pupal  instars. 


34 


References  cited 


[February 


Badonnel,  A.,  1951.  Psocopteres.  In  Grasse:  Traite  de  Zoologie,  \o:  1302-1340. 
Balfour-Browne,  F.,  1949.  Nymph  and  larva.  Ent.  mon.  Mag.,  85:  44. 

Berlese,  A.,  1914.  Gli  Insetti.  Vol.  2.  Milan. 

Bodenstein,  D.,  1953.  Postembryonic  development.  In  Boeder:  Insect  Physiology^ 
822-65. 

Borner,  C.,  1909.  Die  Verwandlung  der  Insekten.  S.B.  Ges.  nat.  Fr.  Berlin,  1909: 
290-31 I. 

Burmeister,  H.,  1832.  Handbuch  der  Entomologie.  Berlin. 

Butler,  E.  A.,  1923.  A  Biology  of  the  British  Hemiptera  Heteroptera.  London. 
Carpenter,  G.  H.,  1921.  Insect  Transformation.  London. 

Carus,  J.  V.,  1853.  System  der  tierischen  Morphologie.  Leipzig. 

Chopard,  L.,  1949.  Odonatesi  Orthopteres.  In  Grasse:  Traite  de  Zoologie,  9:  311-54; 
617-722. 

Comstock,  J.  H.,  1918.  Nymphs,  naiads  and  larvae.  Ann.  ent.  Soc.  Amer.,  2:  222-24. 
- 1930.  An  Introduction  to  Entomology.  Ithaca,  N.Y. 

Corbet,  P.  S.,  1955.  The  larval  stages  of  Coenagrion  mercuricde  (Charp.)  (Odonata: 
Coenagriidae).  Proc.  R.  ent.  Soc.  Bond.,  (A)  30:  115-26. 

Deegener,  P.,  1909.  Die  Metamorphose  der  Insekten.  Leipzig  and  Berlin. 

Despax,  R.,  1949.  Ephemeropteres.  In  Grasse:  Traite  de  Zoologie,  9:  279-310. 
- 1949a.  Plecopteres.  Ibid.,  9:  558-86. 

Eastham,  L.  E.  S.,  1932.  Insecta.  In  Borrodaile,  Eastham,  Potts  and  Saunders: 
The  Invertebrata.  Cambridge. 

Eidmann,  H.,  1941.  Lehrbuch  der  Entomologie,  Berlin. 

van  Emden,  F.  L.,  1942.  Larvae  of  British  beetles.  III.  Keys  to  families.  Ent.  mon 
Mag.,  78:  206-26;  253-72. 

- —  1957.  The  taxonomic  significance  of  the  characters  of  immature  insects. 

Ann.  Rev.  Ent.,  2:  91-106. 

Enderlein,  G.,  1927.  Flechtlinge,  Copeognatha.  In  Tierwelt  Mitteleuropas,  4  (2) 
VII:  1-16. 

Essig,  E.  O.,  1942.  College  Entomology.  New  York. 

Fraser,  F.  C.,  1956.  Odonata.  R.  ent.  Soc.  Handb.  Ident.  Brit.  Ins.,  i  (10):  49  pp. 
Freund,  L.,  1935.  Lause,  Anoplura.  In  Tierwelt  Mitteleuropas,  4  (3)  IX:  1-26. 

Frost,  S.  W.,  1942.  General  Entomology.  New  York  and  London. 

Gerstacker,  A.,  1866.  Gliederfiissler.  In  Bronn:  Klassen  und  Ordnungen  des 
Thierreichs.  Leipzig. 

Grandi,  G.,  1951.  Introduzione  alio  Studio  delV Entomologia.  Bologna. 

Grasse,  P.  P.,  1949.  Isopteres.  In  Grasse:  Traite  de  Zoologie,  9:  408-544. 

Grobben,  K.,  1917.  Lehrbuch  der  Zoologie.  (Claus-Grobben.)  Marburg. 

Handlirsch,  A.,  1928.  Die  postembryonale  Entwicklung.  In  Schroder:  Handbuch 
der  Entomologie,  i:  1117-85. 

Haupt,  H.,  1935.  Gleichfiugler,  Homoptera.  In  Tierwelt  Mitteleuropas,  4  (3)  X: 
115-262. 

Henneguy,  L.  F.,  1904.  Les  Insectes.  Paris. 

Henson,  H.  E.,  1946.  The  theoretical  aspect  of  insect  metamorphosis.  Biol.  Rev., 
21:  1-14. 


1958] 


35 


HeymonSj  R.^  i_907.  Die  verschiedene  Formen  der  Insektenmetamorphose  und  ihre 
Bedeutung '  im  Vergleich  zur  Metamorphose  anderer  Arthropoden,  Ergeb. 
Fortschr.  Zool.^  i:  137-88, 

Hinton,  H.  E.,  1948.  On  the  origin  and  function  of  the  pupal  stage.  Trans.  R.  ent. 
Soc.  Lond.i  99:  395-409. 

—  1955.  On  the  structure,  function  and  distribution  of  the  prolegs  of  the 
Panorpoidea,  with  a  criticism  of  the  Berlese-Imms  theory.  Ibid.^  106:  455-556. 

Hynes,  H.  B.,  1941.  Taxonomy  and  ecology  of  nymphs  of  British  Plecoptera. 

Ibid.,  91 :  459“559. 

ImmSj  A.  D.j  1934.  A  General  Textbook  of  Entomology.  London,  3rd  Edn. 

■  ■  —  1937.  Recent  Advances  in  Entomology.  London,  2nd  Edn. 

Kimmins,  D.  E.,  1942.  Keys  to  the  British  species  of  Ephemeroptera  with  keys  to 
the  genera  of  nymphs.  Sci.  Publ.  Freshwater  Biol.  Assn.  Brit.  Emp.,  7:  64  pp. 

Latreille,  P.  A.,  1831.  Cours  d^Entomologie.  Paris. 

Leston,  D.,  and  Scudder,  G.  G.  E.,  1956.  A  key  to  the  larvae  of  the  families  of  British 
Hemiptera-Heteroptera.  Entomologist,  89:  223-31. 

Lower,  H.  F.,  1954.  A  morphological  interpretation  of  postembryonic  insect  develop¬ 
ment.  Arch.  Zool.  exp.  gen.,  91:  51-72. 

Miall,  L.  C.,  1895.  Transformation  of  insects.  Nature,  53:  152-8. 

Miller,  N.  C.  E.,  1956.  The  Biology  of  the  Heteroptera.  London. 

Morison,  C.  D.,  1947-9.  Thysanoptera  of  the  London  Area.  I-III.  Arbroath. 

Novak,  V.  J.  A.,  1956.  Versuch  einer  zusammenfassenden  Darstellung  der  post- 
embryonalen  Entwicklung  der  Insekten.  I,  II.  Ent.  Beitr.,  6:  205-39;  464-93. 

Packard,  A.  S.,  1889.  Guide  to  the  Study  of  Insects.  New  York. 

Perez,  C.,  1910,  Signification  phyletique  de  la  nymplie  chez  les  insectes  metaboles. 
Bull.  Sci.  Fr.  Belg.,  44:  221-33. 

Pesson,  P.,  1951.  Homopteres.  In  Grasse:  Traite  de  Zoologie,  iq: 

- —  1951a.  Thysanopteres.  Ibid.,  10:  1805-69. 

Pflugfelder,  O.,  1952.  Entwicklungsphysiologie  der  Insekten.  Leipzig. 

Poisson,  R.,  1951.  Heteropteres.  In  Grasse:  Traite  de  Zoologie,  toi  1657-1804. 

Poyarkoff,  E.,  1914.  Essai  d’une  theorie  de  la  nymphe  des  Insectes  holometaboles. 
Arch.  Zool.  exp.  gen.,  54:  221-65. 

Priesner,  H.,  1928.  Die  Thysanopteren  Europas.  Vienna. 

Ramme,  W.,  1927.  Geradflugler,  Orthopterai.  In  Tierwelt  Mitteleuropas,  4  (2)  VI :  1-22. 

Richards,  O.  W.,  and  Waloff,  N.,  1954.  Studies  on  the  biology  and  population 
dynamics  of  British  grasshoppers.  Anti-Locust  Bull.,  17:  1-182. 

Ross,  H.  H.,  1955.  The  evolution  of  the  insect  orders.  Ent.  News,  66:  197-208. 
Schmidt,  E.,  1929.  Libellen,  Odonata.  In  Tierwelt  Mitteleuropas,  4  (ib)  IV:  1-66. 
Schoenemund,  E.,  1927.  Steinfiiegen,  Uferfliegen,  Plecoptera.  Ibid.,  4  (2)  V:  1-18. 
Sharp,  D.  3  1895.  Insects.  Parti.  Cambridge  Natural  History.  Cambridge. 
Snodgrass,  R.  E.,  1954.  Insect  metamorphosis.  Smithson,  misc.  Coll.,  122  (9):  1-124. 

Southwood,  T.  R.  E.,  and  Scudder,  G.  G.  E.,  1956.  The  bionomics  and  immature 
stages  of  the  thistle  lace  bugs  {Tingis  ampliata  H.-S.  and  T.  cardui  L.;  Hem., 
Tingidae).  Trans.  Soc.  Brit.  Ent.,  12:  93-112. 

Seguy,  E.j  1951.  Mallophages;  Anoploures.  In  Grasse:  Traite  de  Zoologie,  10:  1341- 
1364;  1365-1384. 

* — — 1951a.  Dipteres.  Ibid.,  10:  451-744. 


36 

Tillyard,  R.  J.,  1917.  The  Biology  of  Dragonflies.  Cambridge. 


[February 


• - 1926.  The  Insects  of  Australia  and  New  Zealand.  Sydney. 

Ulmer,  G.,  1929.  Eintagsfliegen,  Ephemeroptera  (Agnatha).  In  Tierwelt  Mittel- 
europas,  4  (ib)  III:  1-43. 

Vayssiere,  A.,  1890.  Monographie  zoologique  et  anatomique  du  genre  ProsopistomUi 
Latr.  Ann.  Sci.  nat.,  (7),  9:  19-87. 

Weber,  H.,  1933.  Lehrhuch  der  Entomologie.  Jena, 

- -  1954-  Grundriss  der  Insektenkunde.  Stuttgart,  3rd  Edn. 

WestwoQd,  J.  O.,  1839.  An  Introduction  to  the  Modern  Classification  of  Insects.  Vol. 
I.  London. 

Wigglesworth,  V.  B.,  1950.  The  Principles  of  Insect  Physiology.  London,  4th  Edn. 
- 1954.  The  Physiology  of  Insect  Metamorphosis.  Cambridge. 


(Continued  from  inside  front  ojver) 


ORTHOPTERA,  Etc. 

A  Summary  of  the  Recorded  Distri¬ 
bution  OF  British  Orthopteroids. 
By  D.  K.  McE.  Kevan,  1952.  16  pp., 
55.  od. 

HEMIPTERA-HETEROPTERA 

The  Natural  Classification  of 
British  Corixidae.  By  G.  A.  Walton, 
1943.  14  pp.,  15.  9d. 
Contributions  towards  an 
Ecological  Survey  of  the  Aquatic 
AND  Semi-Aquatic  Hemiptera- 
heteroptera  of  the  British  Isles. 

Anglesey,  Caernarvon  and 
Merioneth.  By  E.  S.  Brown,  1943. 
62  pp.,  35.  od. 

North  Somerset.  By  G.  A.  Walton, 
1943.  60  pp.,  26  figs.,  45.  od. 

Scottish  Highlands  and  East 
AND  South  England.  ByE.  S.  Brown, 

1948.  45  pp.,  75.  6d. 

The  Ribble  Valley  (Lancashire 
South  and  Mid).  By  E,  J.  Popham, 

1949.  44  pp.,  I  map.,  85.  od. 
North-East  Wales  (Denbighshire 

and  Merionethshire).  By  E.  J. 
Popham,  1951.  12  pp.,  25.  6d. 

The  Hemiptera-Heteroptera  of  Kent. 
By  A.  M.  Massee,  1954.  36  pp., 
75.  6d. 

The  Bionomics  and  Immature  Stages 
OF  THE  Thistle  Lace  Bugs  (Tingis 
ampliata  H.S.  AND  T.  cardui  L. ; 
Hem.,  Tingidae).  By  T.  R.  E.  South- 
wood  and  G.  G.  E.  Scudder.  85.  od. 

COLEOPTERA 

The  Aquatic  Coleoptera  of  North 
Wales.  By  E.  S.  Brown,  1948.  15 
pp.,  I  fig.,  15.  od. 

The  Aquatic  Coleoptera  of  Wood 
Walton  Fen,  with  some  compari¬ 
sons  WITH  WiCKEN  Fen  and  some 
other  East  Anglian  Fens.  By  F. 
Balfour-Browne,  1951.  36  pp.,  45.  6d. 

LEPIDOPTERA 

The  Morphology  of  Luffia  ferchaul- 
tella  AND  A  Comparison  with  L. 
lapidella  (Psychidae).  By  R.  S. 
McDonogh,  1941.  19  pp.,  9  pis., 

45.  od. 

List  of  the  Lepidoptera  of  Dorset. 
Part  2.  By  W.  Parkinson  Curtis, 
1947.  138  pp.,  4  pis.,  1 15.  od. 
Postural  Habits  and  Colour-Pattern 
Evolution  in  Lepidoptera.  By 
M.  W.  R.  de  V.  Graham,  1950.  16 
pp.,  4  pis.,  4  figs.,  45.  od. 


HYMENOPTERA 

A  Consideration  of  Cephalic  Struc¬ 
tures  and  Spiracles  of  the  Final 
Instar  Larvae  of  the  Ighneumoni- 
DAE.  By  B.  P.  Beirne,  1941.  68  pp., 
31  figs.,  55.  6d. 

Second  Review  of  Literature  con¬ 
cerning  British  Ichneumonidae. 
By  G.  J.  Kerrich,  1942.  35  pp., 
7  figs.,  35.  od. 

The  Hymenoptera  Aculeata  of  Bed¬ 
fordshire.  By  V.  H.  Chambers, 
1949.  56  pp.,  3  maps,  105.  od. 

An  Introduction  to  the  Natural 
History  of  British  Sawflies.  By 
R.  B.  Benson,  1950.  98  pp.,  9  pis., 
105.  od. 

Notes  on  Some  British  Myrmaridae. 
By  W.  D.  Hincks,  1950.  42  pp.,  5 
figs.,  I  pi.,  55.  od. 

The  British  Species  of  the  Genus 
Ooctonus  Haliday,  with  a  Note  on 
some  Recent  Work  on  the  Fairy 
Flies  (Hym.,  Myrmaridae).  By  W.  D. 
Hincks,  1952.  12  pp.,  8  figs.,  45.  od. 

The  Natural  History  of  some 
Pamphilius  Species  (Hym.,  Pam- 
philiidae).  By  V.  H.  Chambers, 
1952.  16  pp.,  4  pis.,  55.  od. 

A  Study  of  some  British  species  of 
Synergus.  By  J.  Ross,  1951.  16  pp., 
45.  od. 

A  Revision  of  Section  I  (Mayr,  1872) 
OF  THE  Genus  Synergus  (Hym., 
Cynipidae)  in  Britain,  with  a 
Species  new  to  Science.  By  R.  D. 
Ead}’',  1952.  12  pp.,  4  pis.,  45.  od. 

The  British  Ants  allied  to  Formica 
fusca  L.  (FIym.,  Formicidae).  By 
I.  H.  FI.  Yarrow,  1954.  16  pp.,  8  figs,, 
3  maps,  55.  od. 

The  British  Ants  allied  to  Formica 
rufa  L.  (Hym.,  Formicidae).  By 
I.  H.  H.  Yarrow,  1955.  48  pp.,  58 
figs.,  I  map,  105.  6d. 

DIPTERA 

Preliminary  List  of  the  Hosts  of 
some  British  Tachinidae.  By  FI. 
Audcent,  1942.  42  pp.,  25.  ^d. 

An  Outline  of  a  Revised  Classifica¬ 
tion  OF  THE  SYRPHIDAE  (DIPTERA)  ON 
Phylogenetic  Lines.  By  E.  R. 
Goffe,  1952.  28  pp.,  3  figs.,  65.  od. 

A  Revision  of  the  British  (and  notes 
ON  other)  Species  of  Lonchaeidae 
(Diptera).  By  J.  E.  Collin,  1953. 
28  pp.,  3  pis.,  3  figs.,  65.  od. 


Orders,  accompanied  by  the  appropriate  remittance,  should  be  addressed  to  the 

Hon.  Secretary 


CONTENTS 


^'The  Terms  ^Larva’  and  ^Nymph’  in  Entomology/’  a  summary  of  the  views 
of  W.  E.  China,  H.  Henson,  B.  M.  Hobby,  H.  E.  Hinton, 
T.  T.  Macan,  O.  W.  Richards  and  V.  B.  Wigglesworth;  followed 
by  a  review  of  ^^The  Terminology  of  the  Juvenile  Phases  of  Insects” 
by  R.  G.  Davies. 


Editorial  communications  for  the  Transactions  should  be  sent  to: 

E.  J.  POPHAM, 

Department  of  Zoology,  The  University,  Manchester,  13 

The  author  of  any  published  paper  shall,  if  he  so  request  at  the  time  of 
communicating  such  paper,  be  entitled  to  receive  twenty-five  copies  thereof 

gratis 


Information  regarding  the  Society  may  be  obtained  from  the  Secretary, 
The  British  Trust  for  Entomology  Ltd., 

41  Queen’s  Gate,  London,  S.W.7 


Printed  by  Sydenham  &  Co.  (Est.  1840)  Ltd.*  Printers,  Oxford  Road  Bournemouth 


